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Abstract
Objective: The aim of this study was correlation proliferative activity, markers express stem cells,
and lipid peroxides of undifferentiated stem cells of human adult dental follicle (DF) following
culture. Methods: For this study, we used 8 samples from DF of impacted third molars to maintain
culture conditions and evaluated the growth curve, cell viability, production of lipid peroxidation,
cell cycle phases, and proliferative index during 25 days of culture. Results: Cells after culture
showed characteristics of fibroblast-like type following 25th day of culture. The results of lipid
peroxidation showed that stem cells in culture produce 13 nmoles/ml malondialdehyde at the
start of culture, increasing until the 12th day and then began a decline that lasted until the 25th
day. We revealed that DFSCs presented a significantly higher percentage of cells in S + G2/M phases by the 15th day of culture compared with cells at the start of culture. Cell surface markers revealed that cell lines were negative for HLA-DR and positive for CD90, CD44, and CD105. The expression of p21 protein, involved in the regulation of the cell cycle, showed a significant increase
from the 15th to 25th day of culture. Results of cell division rates show a significant increase between the 6th and 15th day of culture. Conclusions: We conclude that the culture remained stable
during the 25 days of culture, presenting the markers of stem cells and markers of control, progression, and cell proliferation that there was an increased production of lipid peroxides between
the 6th and 12th days; this increase is related to the increased numbers of cells that also occurs
during this period. Then, there is a significantly decline in the production of lipid peroxides and
the number of cells, which is accompanied by an increase in cell unviability.
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1. Introduction
Mesenchymal stem cells (MSCs) are undifferentiated cells that are able to self-renew, have a high proliferative
capacity, and have the capacity to differentiate into various types of cells [1] [2].
In human postnatal dental tissue, 5 different sources of MSCs have been already identified: dental pulp, periodontal ligament, exfoliated deciduous teeth, dental follicle, and apical papilla. These dental tissue stem cells are
mesenchymal stem cells embryologically derived from both neural crest and mesenchyme [3]-[7].
The adult stem cells (ASCs) are non-differentiated and play important roles in maintaining tissue integrity in
vivo through both normal tissue renewal and pathological tissue regeneration [8].
Particularly dental follicle (DF) is a loose connective tissue sac derived from ectomesenchymal tissues. This
tissue contains progenitor cells that form the periodontium, i.e., cementum, periodontal ligament, and alveolar
bone. In addition, the dental follicle is also critical for the coordination of tooth eruption. It surrounds the developing tooth and plays different roles during the life of a tooth. DF is formed at the cap stage of tooth germ
development by an ectomesenchymal progenitor cell population originating from cranial neural crest cells. During the tooth eruptive process, it remains adjacent to the tooth crown of unerupted or impacted teeth. DF also
regulates osteoclastogenesis and osteogenesis for eruption. As the tooth erupts, the DF differentiates into the periodontal ligament that anchors the tooth to the surrounding alveolar bone in its socket. Alternatively, under pathological conditions, the DF can proliferate into stratified squamous epithelium to generate dental cysts. Hence,
it has several key functions in both the development of the periodontium and resorption of bone during tooth
development [9]-[11]. Precursor cells have been isolated from human DF of impacted third molars. Similar to
other dental stem cells, these cells form low numbers of adherent clonogenic colonies when released from the
tissue following enzymatic digestion [11]. Studies have shown that dental follicle stem cells (DFSCs) have typical ASCs properties of self-renewal, colony formation, and multi-lineage differentiation. Dental stem cells
represent a good treatment option in regenerative dentistry. Regeneration of large bone defects can be achieved
by a cell-based therapy consisting of osteogenic progenitor cells, such as DFSCs [12]. DFSCs represent an attractive alternative stem cell source because of the fact that they are easily obtainable from extracted third molars [13]-[17]. For a long time, reactive oxygen species (ROS) have been considered as unavoidable by products
of oxidative damages. Support for this notion stems from the fact that ROS produced by mitochondria during
normal metabolism is toxic to cells [18]. Low-to-moderate levels of ROS are essential for cellular proliferation,
differentiation, and survival [19] [20]. Increased levels of ROS lead to oxidative stress and damage to critical
biomolecules, resulting in deleterious biological effects. ROS induce lipid peroxidation. Lipid hydroperoxides
are non-radical intermediates derived from unsaturated fatty acids, phospholipids, glycolipids, cholesterol esters,
and cholesterol itself. When ROS interact with polyunsaturated fatty acids in membranes or lipoproteins, the
process of lipid peroxidation begins. In the resulting lipid peroxidation, fatty acids are transformed to the primary product of lipid peroxides. Uncontrolled production of lipid peroxides can cause oxidative stress, with significant damage to cell integrity [21]. In contrast to the damaging effects of ROS, there is evidence that in some
systems ROS at lower, non-toxic levels can actually promote cell proliferation and survival. These findings
suggest a much more complex role for redox balance in cellular biology than was first understood by models of
oxidative stress [22].
The aim of this study was correlation proliferative activity, production of lipid peroxidation, markers expression, progression cell cycle, and mitochondrial potential in undifferentiated stem cells from human adult dental
follicle during culture conditions.

2. Methods
2.1. Patients
We studied eight patients referred to our clinic integrated for removal of asymptomatic fully impacted third mo-
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lars were enrolled in this study. Exclusion criteria included a history or sign of infection or enlarged tissues surrounding the impacted third molars. Approval for the study was obtained from the local ethics committee, and
informed consent was obtained from all the participating patients. It is confirmed that Helsinki Declaration was
read, and the researchers followed the guidelines in this investigation. All operations were carried out under local anesthesia by conventional third molar surgery. This study was approved by the Ethics Committee of the
Cruzeiro do Sul University and all participants gave their informed consent.
The dental follicles were obtained from extraction of impacted third molars. The dental follicle was placed
immediately after its withdrawal in a sterile glass pot and them the samples were rapidly transported to the laboratory and placed in the lid of a culture dish and with scissors and tweezers the dental follicle was cut into
several small fragments. Was added 1 ml of culture medium DMEM/F12 (Sigma-Aldrich, St. Louis, MO) and
supplements. The tissue was then macerated using the plunger of a sterile hypodermic syringe in a laminar flow.

2.2. Cell Culture
Dental follicle (DF) stem cells were cultured in culture plate with 24 wells in DMEM/F12 (Sigma-Aldrich, St.
Louis, MO) medium supplemented with 1% L-glutamine, 1% non-essential aminoacids, 1 mm sodium pyruvate,
1% antibiotics and 15% fetal bovine serum (Hyclone, South Logan, UT, USA). Cells were incubated at 37˚C in
a humidified atmosphere with 5% CO2. Cells were observed three times a week, and at these same times, medium was changed totally. Detached cells were centrifuged twice and addition in culture medium; cell concentration was adjusted to 5 × 104 cells/ml and counted in a Mallassez chamber. Morphological aspects of dental
follicle stem cells were observed using an inverted light microscope (Olympus CKX41); a digital camera (Sony
DSC-H70) was used to record digital micrographs.
The fragments were put into a culture plate with 24 wells and added 1 ml of culture medium. The plate was
carried into the oven at 37˚C in a humidiﬁed atmosphere with 5% CO2. The supernatant from each well was
used and transferred to eppendorfs placed in the freezer to lipid peroxidation assay. For either culture, upon confluence, the cells were trypsinized and passaged into new flasks until the desired passages were obtained. To
carry trypsinization culture plate to flow, the culture medium was removed from the well using a pipette and
added trypsin 0.25% (Invitrogen, Carlsbad, CA, USA), for 2 minutes and then the same is inactivated by adding
400 μl in the culture medium. After centrifugation, resuspend the DFSCs pellet in 1 ml of freezing medium (90%
FBS and 10% DMSO Sigma-Aldrich, St. Louis, MO, USA), cryovials designed for liquid nitrogen storage.
The number of viable cells was determined by exclusion technique of non-vital cells were stained with trypan
blue (Invitrogen, Carlsbad, CA, USA). The cell suspension was transferred to a Malassez chamber and the cells
were counted, excluding those that are showing blue staining (nonviable cells).

2.3. Flow Cytometry for Cell Phenotype
For phenotypic characterization of cell lines, cells were cultured for 48 hrs and then harvested in 0.25% trypsin/EDTA. Aliquots of 106 DFSCs were labelling with FITC-conjugated human anti-mouse CD44 (BioLegend,
San Diego, CA, USA), CD90 (Cedarlane, Ontario, Canada) in 100 μl of phosphate buffer saline (PBS) containing 2.5% BSA and 0.1% sodium azide for 45 min on ice according to the manufacturer’s instructions. For nonconjugated human anti-mouse CD105 (Santa Cruz Biothecnology, Santa Cruz, CA, USA) and HLA-DR (Abcam,
Cambridge, MA, USA) antibodies, the cells were incubated with each first antibody for 45 min, and then labelling with secondary mouse anti-human IgG-FITC (Abcam, Cambridge, MA, USA) for another 45 min.

2.4. Measurement of Mitochondrial Membrane Potential (Δψm)
The mitochondrial transmembrane potential (Δψm) was measured by rhodamine (Rho123) assay, monitored by
flow cytometry. DF stem cells at density of 105 cells were plated in 6-well plates and incubated for 24 h. Rho
123 was added at 100 mg/l 30 min before analysis. After washing with PBS, the cells were analyzed using a
FACScan flow cytometry system (Scalibur-Becton Dickinson, San Jose, CA). A total of 10.000 cells/sample
were analyzed and the mean fluorescence intensity and percentage of cells was recorded. M1—Mitochondria
population active and M2—Mitochondria population inactive.

2.5. Expression of Bcl-2, Cyclin D1, Cytochrome C, p21 and PCNA by Flow Cytometry
DFSCs were labelling with Anti-IgG antibody (ab170461) (Abcam, Cambridge, MA, USA), used control assay
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flow cytometry. Cells were first fixed and permeabilized with Triton X-100 0.02%, then labelling with FITC labeled anti-BCL-2 (Abcam, Cambridge, MA, USA ), Cyclin D1 (Abcam, Cambridge, MA, USA), Cytochrome C
(Abcam, Cambridge, MA, USA), p21 (Abcam, Cambridge, MA, USA ) and PCNA (Abcam, Cambridge, MA,
USA) antibodies or isotype control antibody (Abcam, Cambridge, MA, USA). The percentages of cells expressing Bcl-2, Cyclin D1, Cytochrome C, p21 and PCNA were performed using a FACScan flow cytometry system
(Becton Dickinson, San Jose, CA, USA). A total of 10.000 cells/sample were analyzed and the mean fluorescence intensity and percentage of cells was recorded.

2.6. Determination of Cell Cycle Phases
DFSCs were synchronized by deprivation of serum for 24 h and induced to reenter the cell cycle by the subsequent addition of serum. Then, cells were collected and fixed with cold 70% ethanol and stored at −20˚C. Cells
were washed and resuspended in PBS solution and were incubated at 37˚C for 45 min with10 mg/ml RNase, 0, 1
mg/ml Triton-X and 1 mg/ml propidium iodide (Sigma, St. Louis, MO), then incubated for 30 min at 37˚C and
analyzed by flow cytometry. Flow cytometry was applied to determine kinetic parameters of the cell populations
and to provide percentages of cells that were in G0/G1, S, and G2/M phases, as well as those undergoing apoptosis or DNA fragmentation [23]. The analysis was performed using a FACScan flow cytometry system (Becton
Dickinson, San Jose, CA). The percentage of cells in the different cell cycle phases was determined using Modfit LT software (Verity Software House, Topsham, ME).

2.7. Determination of Cell Viability—MTT Assay
DFSCs in 6, 10, 12, 15, 18, 21 and 25 days of culture were seeded at a density of 104 cells in 96-well tissue culture plates (Corning Inc., NY, USA) incubated for 24 h. Measurements of cell proliferation were obtained using
the MTT (3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide) method [24]. MTT is a widely accepted
method that utilizes reduction of tetrazolium salts in evaluation of both cell proliferation and cell death. After
dissolution of the Formazan’s crystal, a spectrophotometer (Biorad, CA, USA) was determined optical density at
570 nm proportional to number of live cells.

2.8. Determination of Cell Division Rates of Dental Follicle Stem Cells
Methods used to perform proliferation analysis using CFSE (5,6-carboxyﬂuorescein diacetate succinimidyl ester)
have been described previously [25] that allows for direct detection of single proliferating cells, and facilitates
quantiﬁcation of cell division by ﬂow cytometry, according to respective CFSE-dilution. The principle of analysis of DFSCs is as follows: CFSE is divided equally into daughter cells following cell division, and intensity of
ﬂuorescence is half that of the parental generation. Thus, in a whole cell population that is undergoing proliferation, ﬂuorescence intensity declines by half in the following generation [26]-[29]. CFSE ﬂow cytometric data
ﬁles were analysed using CellQuestTM acquisition/analysis software (Becton Dickinson, San Jose, CA). Fifty
thousand events were collected, and population proliferation was analysed using ModFitLT2.0 software (Proliferation Wizard Analysis).

2.9. Lipid Peroxidation (TBARS)
The oxidative stress over the unsaturated lipids in cell membranes was evaluated by determining the amount of
malondialdehyde (MDA), which is the final product of fatty-acid peroxidation, which reacts with thiobarbituric
acid (TBA) to form a colored complex. Thiobarbituric acid reactive substances (TBARSs) are quantified by
spectrophotometric determination [30].

2.10. Histopathological Analysis
For light microscopy, DF were fixed in 10% formaldehyde. Then, samples were washed in PBS, followed by
dehydration in a series of ethanol solutions at increasing concentrations (70% to 100%) for one hour in each solution. Sections were then diaphanized in xylene for 2 hours and embedded in paraffin (Histosec-MERCK, lot
K91225309, Brazil). The paraffin blocks were sectioned at 5 µm on an automatic microtome (Leica, RM2165,
USA), mounted on histological slides and incubated at 60˚C. The sections were then deparaffinized and stained
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according to the Hematoxilin and Eosin (HE) technique [31].

2.11. Statistical Analysis
Statistical analysis was performed using GraphPad Prism 5 software (GraphPad, CA, USA), and statistical signiﬁcance of differences between groups was determined using unpaired one-way ANOVA. Means were compared using Tukey’s multiple comparison tests. Regression analysis was used to examine data obtained and to
infer relationships between a dependent variable and an independent variable. Comparisons were considered either non signiﬁcant (ns) or signiﬁcant at *p < 0.05.

3. Results

3.1. Growth Curve and Cell Viability
The DFSCs cultured were photographed for morphologic analysis. During the cell culture, one can observe the
rapid increase in the number of DFSCs and the morphological similarity of stem cells with fibroblast-like characteristics (Figure 1). It is possible to observe debris and cell death in the after 20 days of culture. The cells
there show a lack of regular morphologic characteristics and presence of cellular fragments in supernatant, nuclear disorder, the formation of apoptotic bodies, and depolarization of the existing filament cytoskeleton.
Growth curves were determined to ensure that cells used in experiments were within the exponential growth
phase. Cell proliferation was assessed by monitoring the conversion of MTT to formazan. Regarding the growth
curve of DF cells, it can be seen that there is an increase in cell number of approximately 150% by the 10th day
of culture after this period of cell proliferation decreased significantly. Cell viability remained close to 95% on
the 12th day of culture. After this period, there was a near 20% decline in the 15th day, and this situation continued until the 25th day of culture but in smaller percentages (Figure 2(A)).
Shown in Figure 2(A), it can be said that until the 10th day of culture, cell rate of cells that are not viable is

Figure 1. Dental follicle, cell culture, and histopathological analysis. (A) Surgical sample of DF of the third molars; (B) Microscopic image of DFSCs in the start of culture, showing cell detachment; (C) Photomicrograph in inverted microscope
showing that primary culture of DFSCs represents a typical cell colony originated from a single progenitor cell. The morphology of the cells within the colony is fibroblast-like on the 6th day; (D) Photomicrograph in inverted microscope showing
primary culture of DFSCs at 10th day of culture; (E) (F) Histological analysis of DF was performed using hematoxylin and
eosin staining. The DFSCs are grouped. A dense, fibrous layer formed by mesodermal tissue surrounding the enamel. Their
cells eventually migrate to the outer surface of the newly formed dentin in the tooth and the root to give rise to cementoblasts
who deposited cementum in the root in development to fibroblasts of the periodontal ligament and osteoblasts of the of alveolar bone in development. The mesenchyme condenses and forms the dental follicle, as emphasized by the arrows, which
will produce the periodontium. Highlight islets odontogenic epithelial embryonic tissue.
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Figure 2. Growth curve, lipid peroxidation, and cell division rates of DFSCs. (A) Growth
curve DFSCs during 25 days of culture. N = 3; (B) Graph showing the amount of thiobarbituric acid reactive substances MDA forrmed in the supernatant of DFSCs. Test nonparametric
variance ANOVA followed by Tukey multiple test considering significant *p < 0.001; (C)
Histograms represent the flow cytometric analyses of CFSE-DA of the DFSCs; (D) Graph
showing mean proliferative rates of DF cells during 25 days of culture using CFSE-DA.

low; after this period, there is an inversion where the number of cells falls drastically while the rate of nonviable
cells increases significantly.

3.2. Cell Division Rates of DFSCs
Cell division is characterized by sequential halving of CFSE-DA fluorescence, generating equally spaced peaks
on a logarithmic scale; peaks indicate the division cycle number. Similar results of MTT colorimetric assay were
obtained using CFSE-DA methodology, which accurately confirmed significant rate of proliferation of DF cells.
Results of cell division rates show a significant increase between 6th and 15th day of culture. From 15th until
18th day, the decrease in proliferative index drops by half, and the proliferative index continues to decline, but
in a lower value, to the 25th day of culture (Figure 2(C) and Figure 2(D)).

3.3. Lipid Peroxidation
We also evaluated whether the proliferative effects in DF cells correlate with a change in the status of oxidative
stress; by production of lipid peroxides through the formation of malondialdehyde (MDA). The results of lipid
peroxidation in DFSCs shown in culture spontaneously produce about 13 nmoles/ml MDA at the start of culture.
This production significantly increases gradually until the 12th day of culture and begins a decline that lasted
until the 15th day of culture. In DFSCs, MDA production was 5 times higher than culture initiation, after 12
days of culture. These results demonstrate that growth could change the oxidative stress status of DFSCs undifferentiated (Figure 2(B)).

3.4. Cell Cycle Phases Analysis
The study of cell cycle phases illustrates the distribution of DF cells that were in G0/G1, S, and G2/M phases,
which exhibited DNA fragmentation. The evaluation of cell cycle of the DFSCs during the 25 days of culture
demonstrated a 70% accumulation of cells in G0/G1 phase and a small percentage of approximately 25% of
cells in S and G2/M phases until the 12th day. After that, there was a significant increase in the population of
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cells in G2/M between the 15th and 18th day of culture. Subsequently, there was a gradual decrease in the population of cells in S and G2/M phases; therefore was an increase in G0/G1 until the 25th day of culture (Figure
3(A) and Figure 3(B)).

3.5. Measurement of Mitochondrial Transmembrane Potential (Δψm)
The mitochondrial transmembrane potential (Δψm) is essential to maintain the physiological function of the respiratory chain to generate energy. In the DFSCs, mitochondrial potential showed no significant difference in the
period from the 0th to 25th day of culture (Figure 3(C) and Figure 3(D)).

3.6. Cell Expression Markers Mesenchymal Stem Cell
In the present study, 08 samples were obtained from the dental follicle, cultured until the 25th day, and subsequently frozen in liquid nitrogen. After thawing, viability was maintained at a mean of 92% and exhibited the
same morphological characteristics of the fibroblast-like. Cell surface marker profiles obtained by flow cytometry revealed that cell lines were negative for HLA-DR and positive for CD90, CD44, and CD105 markers at
12th and 25th days of culture and that there was no significant difference between culture passages. The results
are shown in dot plots by cytometric analyses (Figure 4(A)) and media and standard deviation at 12th and 25th
days of culture (Figure 4(B)).

3.7. Expression of Bcl-2, Cyclin D1, Cytochrome-c, p21 and PCNA by Flow Cytometry
The markers’ expression of control, progression, and cell proliferation was determined by flow cytometry and
showed no significant difference during the period of cultivation of the cells of the dental follicle. The expres-

Figure 3. Cell cycle phases and mitochondrial transmembrane potential (Δψm) in DFSCs culture. (A)
Histograms represent the flow cytometric analyses of cell cycle from DFSCs; (B) Graph showing the
mean percent of populations cells in G2/M, G0/G1, and S phases in different days of culture; (C) Representative histograms obtained from FACS analysis of DFSCs labelling with Rho123 (M1—Mitochondria population active) and (M2—Mitochondria population inative). The figure shows an overlay
of histograms from samples analyzed by flow cytometry; (D) Graph showing mitochondrial transmembrane potential of DFSCs during 25 days of culture. The data are the means ± SD ***p < 0.001 from at
least three independent experiments.
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Figure 4. Expression markers mesenchymal A). Histograms and dot plots represent the flow cytometric analyses cell surface antigen after 12th and 25th DF culture days. B) Statistical analysis by expression markers
mesenchymal stem cells in DF. Mean ± standart deviation of markers in culture 12th and 25th culture days.
No significant difference was observed in DFSCs (Unpaired one-way ANOVA).

sion of p21 protein, involved in the regulation of the cell cycle, showed a significant increase from the 15th to
25th days of culture (Figure 5).

4. Discussion
In dentistry, the experiments have been directed to the use of cell therapy in the regeneration of oral tissues and
for collection, isolation, culture, and characterization of stem cells derived from the oral tissues [32]-[34]. Some
studies suggest that stem cells obtained from deciduous teeth have a greater potential for proliferation and regeneration than permanent teeth [35].
Normal stem cells are defined by an extensive capacity for self-renewal and by their ability to undergo a
broad range of differentiation. In the present study, it was revealed that DFSCs presented a significantly higher
percentage of cells in S + G2/M phases by 15 days of culture when compared with cells at the start of culture,
indicating that DF culture enhanced the proliferation response in vitro.
The experiments described here were designed to provide knowledge about the response in the proliferation
of undifferentiated DFSC third molars following culture conditions. In the literature there is no paper that describes the patterns of growth curve, lipid production, markers expression, and cell viability of DFSCs. The
MTT assay, cell cycle phases, and CSFE were performed to investigate DFSCs’ potential in culture. The number
of DFSCs following culture was estimated after 25 days. Nonviable cells’ significance was observed by culture.
Cell cycle distributions were analyzed by flow cytometry in the form of proliferation rate.
As well as in a study by Schiraldi et al. (2012), [36] on the migratory capacity of stem cells from pulp and
dental follicle, we also observed that stem cells from the dental follicle followed a circular motion and explored
the local environment. Huang et al. (2006) [37] found that 1 to 2 weeks after the beginning of culture, the cell
colonies contained fibroblast-like shape, and this shape was retained after 5 or more passageways.
As it can be seen from Figure 2(A), the growth curve plotted for either cell indicated that the DFSCs from the
third molar were the first that reached the plateau phase between the 10th day and declined after 15 days of culture. According to this curve, the lag phase tended to be about 5 days for either culture, meaning that cells
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Figure 5. The expression of BCL-2, cyclin D1, cytochrome-C, PCNA, and p21 was
detected through fluorescence intensity analysis by FACS. (A) Dot plots represent the
flow cytometric analyses expression markers during 25 days of culture; (B) Graph
showing expression markers during 25 days of culture. The data are the means ± SD
***
p < 0.001 from at least three independent experiments.

started to proliferate two days after being plated. The lag phase was considered to be the adaptation phase to
culture conditions.
The proliferation index, defined as the percentage of proliferating cells in a population, is a very important
parameter to evaluate the in-vitro stimulation potency of growth factors and the antiproliferative activity of factor growth or response extrinsic in culture cells [38]. Under unfavorable conditions such as nutrient and growth
factor deprivation or high cell density, cells can also reversibly withdraw from the cell cycle and enter into a
resting non-proliferative gap. Cultured mammalian cells have been widely used to examine the molecular mechanisms of the cell cycle and its pathways of regulation. The importance of these studies lies in the under-
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standing of normal cell behavior as well as deregulation effects in other diseases like transformation cells, responsible for growth tumor, but also for predicting cellular responses to several agents used in therapy, since
many of them are cell cycle phase-specific [39]. The DNA fragmentation that ensues is one hallmark of apoptotic cell death. We used in this study the simplest and most basic flow cytometric method to assess cell phase
distribution and to measure the amount of DNA per cell by using DNA intercalating agents such as propidium
iodide (PI).
A number of the crucial events in apoptosis commence in the mitochondria. These organelles are required for
efficient energy metabolism, production of membrane lipids, and cell growth but are also the primary determinants of cellular life or death. These include the activation of the family of cysteine proteases known as caspases,
e.g. cytochrome c, and disruption of the electron transport chain leading to changes in oxidative phosphorylation
and ATP synthesis. Other mechanisms include loss of mitochondrial membrane potential, variations in redox
potential, and involvement of pro- and anti-apoptotic family proteins, e.g. Bcl-2 [40].
Oxidative stress that occurs in the cells, because of an imbalance between the pro oxidant/antioxidant systems,
causes injury to biomolecules such as nucleic acids, proteins, structural carbohydrates, and lipids [41]. Both of
the oxidant and antioxidant species are very important for normal metabolism, signal transduction, and regulation of cellular functions. Currently, the role of ROS is accepted in human pathology. The primary effect of
oxidative stress is localized and reversible depending on the level and intensity of antioxidants. The physiological generation of ROS acts as a marker of secondary messengers that influence the proliferation, cell differentiation, and apoptosis, in addition to regulating the expression of genes. The accumulation of ROS is common in
senescent cells. ROS have been related to the regulation of stem cell pluripotency, proliferation, and differentiation, besides being a critical factor which regulates the quiescent state of MSC [42]-[45]. The results obtained in
this study showed that MDA levels obtained during the growth of stem cells from dental follicle of third molars
had a significant increase between the 6th and 12th day of culture, accompanied by a high rate of cell growth.
However, after this time there was a drastic reduction in the number of cells, and it was accompanied by increased mortality and reduced production of MDA. Chatzivasileiou et al. (2013) [46] have made a study with
dental follicle stem cells and showed that cells derived from the dental follicle were significantly higher ins colony-forming efficiency compared to colony-forming efficiency of marrow bone stem cell. There are two
sources of cellular oxidants, reactive oxygen and nitrogen species that can be generated from physiological
processes as well as exogenous sources (xenobiotic interaction). When the antioxidant control mechanisms are
overrun, the cellular redox potential shifts toward oxidative stress. As a consequence, the potential for damage to
cellular nucleic acids, lipids, or proteins increases [47].
This study showed DFSCs were positive for speciﬁc markers of mesenchymal stem cells, CD-44, CD-90, and
CD-105, indicating that those cells are from mesenchymal sources. The DFSCs are negative for marker of hematopoietic lineage, HLA-DR. The results of this study in relation to markers of MSCs are compatible with other studies in the literature [48] [49].
Cell cycle is tightly controlled by many regulatory mechanisms that either permit or restrain its progression.
The signaling pathways that control these processes are central to the functioning of all multi-cellular life, and
any defects in cell cycle control may lead to chromosome alterations, loss of cellular growth control, and the induction of cell transformation. The cell cycle is maintained by phosphorylation and dephosphorylation of the
cell cycle gene products by cyclin/Cdk complexes, the last being a group of proteins present at the interphase
cell, expressed in proliferating cells. The D-type cyclins are the first cyclins to be induced as G0 cells are stimulated to enter the cell cycle. Overexpression of D or E type cyclins can contract Gl phase, decrease cell size, and
reduce the dependency of the cell on response to extracellular mitogenic [50].
Our study of cyclin D1 and Bcl-2 expression was not significant following DFSCs culture. Cyclin D1 was also demonstrated to physically interact with 2 other proteins involved in DNA repair, PCNA, and replication
factor C. PCNA is a member of the so-called DNA sliding clamp family. The essential function of providing
replicative polymerases with the high processivity is required to duplicate an entire genome. DNA damage, senescence, or differentiation of cells through either p53 dependent or independent pathways induces the expression of the p21 protein, which blocks progression from G1 to S phase of the cell cycle [51]-[53]. The results
suggest that PCNA is an essential mediator of the regulatory action of p21, being responsible for the initial
maintenance of the state of differentiation of DFSCs. Cyclin D1 can also override G1 phase checkpoint arrest in
response to DNA damage.
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5. Conclusion

We concluded that DFSCs obtained from dental follicle third molars after the culture maintained undifferentiated potential with the presence of stem cell precursors. There was no significant change in the expression of
mesenchymal markers and progression control of cell cycle DFSCs in culture. There was an increased production of lipid peroxidation between the 6th and 12th days of culture. This increase is related to the increased
numbers of stem cells that also occurs during this period. Then, there is a significant decline in the production of
lipid peroxidation and the number of cells, which is accompanied by an increase in cell mortality. This means
that free radicals may influence cell death. To the best of our knowledge, there is very limited information regarding in-vitro growth response and culture needs of the DFSCs. Having the growth characteristics as well as
culture requirements of the cells could be of great importance for those who specially are involved in stem cell
investigations with the aim of remodeling and regenerating tissue.
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